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The IRGen Infrared Data Base Modeler
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ABSTRACT

IRGen is a modeling system which creates three-dimensional IR data bases for real-time
simulation of thermal IR sensors. Starting from a visual data base, IRGen computes the
temperature and radiance of every data base surface with a user-specified thermal
environment. The predicted gray shade of each surface is then computed from the user-
specified sensor characteristics. IRGen is based on first-principles models of heat transport
and heat flux sources, and it accurately simulates the variations of IR imagery with time of
day and with changing environmental conditions.

The starting point for creating an IRGen data base is a visual faceted data base, in which
every facet has been labeled with a material code. This code is an index into a material data
base which contains surface and bulk thermal properties for the material. IRGen uses the
material properties to compute the surface temperature at the specified time of day. IRGen
also supports image generator features such as texturing and smooth shading, which greatly
enhance 1mage realism.
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Imaging IR Sensors

Imaging IR sensors (also called FLIR's), generate high-resolution video-rate images.
The images displayed by an IR sensor are radiance maps of the scene viewed by the sensor.
In the thermal (mid-IR and long-IR) bands, the radiance from a surface contains both emitted
and reflected radiance. The emitted term depends on the surface temperature, and thus most
IR images show a scene.

Since an imaging IR sensor displays the radiance from the scene, the appearance of a
scene varies significantly with time of day, and with environmental conditions. Contrast

reversals are frequently observed over the diurnal temperature cycle.

Atmospheric attenuation is a significant factor in the thermal IR bands. Attenuation
varies dramatically with local meteorological factors such as humidity, fog, and rain.
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IR Simulation Methodologies

Several modeling methodologies have been used to generate data bases or images for
IR sensor simulation. The simplest technique complements the intensity of the visible scene
so that surface which is bright in the visible scene appears dark in the corresponding IR
scene. In some cases, this technique has been elaborated by using a color table for visual-to-
IR conversion. This technique is obviously limited (an asphalt road and a lake could be
rendered with the same IR gray shade), and cannot handle diurnal variations.

At the other end of the IR simulation spectrum are models which have very elaborate
models of heat transfer, and which may include time-dependent shadows, specialized natural
feature models, and angle-dependent surface emissivity and reflectivity. This complexity may
be necessary when an accurate signature is required for a particular object or natural feature.
However, these models are very complex to set up, and require a long time to generate a
single image.

102



AJIAISSIWD juapuadap-ajbue .

smopeys juapuadap-awl

‘919 ‘uoljelodena annjelaban

‘mol} Jie 10) d4D UNM [apow |[ewlay) pajielsp -

xajdwo9d }SoiN
a|qe)} 10|00
10]09 9|qISIA Juswd|dwod

abeuwl a|qISIA B waojsuel) - }sajduis

saifojopoyia|j uone|NWIS A

103



10SUdS pue ‘JUaWuOolIAUd ‘sjelsdjew ay} jo
si9jowesed ay) |je |013U0d UL JdsSN ‘asnh 0} Ase3

uonpebedouad suraydsowie pue
‘uorjelpel ‘1ajsuel) jeay jJo sjapou sa|diouid-}siid

ule11d) pue ‘sainjonis ‘syobie} buiarow
Buipn|oul ‘saseq ejep pal}ade} jeuoisuawip-aaly L

-a1em}jos uopjejnwis pue buljspouw
piepuels yum ajgqiedwo) -suonjedijdde Buluiel
pue uoljejnwis aullj-|eal 10} papuajul uoljejnuwis |

104



awi} unJ pue dnjas ajqeuosedy

usodi

ajqepualxa pue 3a|qixald

Buipeys yjoows .
Bulinixay .

sainjea) soiydetb awiy-|jeas 10} jioddns ul-}jing

,

Aq paj|es oq ueo s|opouw |ewsay} pauyap-1asn ¢

1asn ayj} Aq pajeald agq ued sjellajewl MaN

(panuijuod) sajdioulid Uany|

105



IRGen Data Diagram

This diagram shows the iputs and outputs of the IRGen program. The main input is
a visual data base whose surfaces have been given material codes. Other inputs include the
environment, atmospheric and sensor parameters.

The main outputs of IRGen 1s an IR data base whose geometry is identical to the
visual data base geometry, but which has IR gray shades instead of the visual color. Other
outputs include auxiliary graphics information such as texture maps and atmospheric
attenuation information. The surface radiance and temperature values are accessible within
the data base and are also recorded in a separate data file.
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IRGen Thermal Model

This diagram shows the main sources of heat flux for the IRGen thermal model. Heat
flow normal to the surface is simulated by integrating the one-dimensional heat transport
equation, using a finite-difference method. External sources of heat flux include direct and
diffuse solar radiation, sky and ground thermal radiation, and convection. Internal sources of
heat flux include interior convection and conduction.

The surface radiance include both surface thermal emission, and reflected sky and
ground radiance.
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IRGen Operating Environment

IRGen currently generates data bases for both Silicon Graphics and Star Graphicon
image generators. The latest version will run on any Silicon Graphics workstation.

Since IRGen requires a geometric data base, 1t must be used in conjunction with a
geometric modeling program. The preferred modeling programs are MultiGen® and
ModelGen™ (from Software Systems, San Jose, CA) which support the full set of image
generator features such as level-of-detail, texture, and smooth shading. These modeling
programs allow the user to enter a material code for each surface in a special data field that is
reserved for IRGen.

An alternative version of IRGen runs with the AutoCAD® modeling program
(Autodesk, Sausalito, CA).
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IRGen Options

IRGen has several options for special applications. The Defense Mapping Agency
(DMA) data option allows the use of the material codes provided by DMA digital feature
analysis data (DFAD).  With this option, the user does not have to enter any material codes.
Note that DMA digital terrain elevation data (DTED) can be polygonized by MultiGen DTED
option, and passed through IRGen into the IR data base.

The texture option allows the creation of IR textured data bases with thermally
accurate texture maps. Textures are particularly important for realistic low-altitude flight
simulation over terrain and water surfaces. The textures can come from three sources: (1) the

visual data base, (2) a scanned IR image, or (3) statistical texture creation program.

The special effects option creates translucent and smooth-shaded surfaces.
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IRGen Material Data Base Parameters

Properties of IRGen materials are stored in the material data base, which is accessed
by the material code. The user can modify material properties or add new matenals.
Material parameters | and 2 serve to identify the material. Parameters 3 through 17 are used
for the temperature and radiance computations. ("Number of nodes” refers to the finite-
difference method.) Parameters 18 through 20 are used to implement intersurface thermal
coupling when computing smooth shading, and parameter 21 identifies the texture map for
textured surfaces.

119



IRGen MATERIAL DATA BASE PARAMETERS

Identification:

|. material code
2. label

Thermal model parameters:

3-5 micron emissivity

8-12 micron emissivity

solar reflectivity

integration time increment
integration settling time

interior temperature

9. interior conductive/convective flag
10. interior thermal coupling

Il two-sided surface flag

2. shadow surface

3. number of nodes

[4. node heat capacity array

15. node conductive transport array
16. node radiative transport array

17 node conductive coefficient array
18. node radiative coefficient array

XN N

Intersurface thermal coupling:

19. read/write flag for vertex thermal coupling
20. vertex coupling file number

21. vertex coupling flags

Textured matenals:

22. name of thermal texture file
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